Upon examining own volatility dependency for the three major sectors, namely Service, Industrial and Banking, in four GCC economies (Kuwait, Qatar, Saudi Arabia and UAE), the empirical findings suggest that Banking seems to be the least sensitive among the sectors to past own volatility, while Industrial is the most volatile to the onset of past shocks or news. Sector volatility spillovers show that Saudi Arabia has the least intersector spillovers, while tiny Qatar has the most. Saudi Arabia seems to be the most sensitive to geopolitics, while Kuwait is the least affected. The constant conditional correlations between the three sectors for all four GCC markets echo different economic advantages and varying roles in the economy. We also provide two examples using the estimates of the GCC equity sector markets for portfolio designs and hedging strategies.
Introduction
In developed countries, equity investing has been popular for many years. Investors invest in defensive stocks, such as those of the non-cyclical consumer goods sector, when the economy is teetering into recession. They invest in high tech sector's stocks when the economy is booming. In international investing, portfolio managers who follow the top down approach usually pick countries and then sectors. Even informed investors choose sectors without paying much attention to interactions and volatility transmission among sectors. In emerging markets such as the markets of the rich oil-producing countries, sector investing has not yet reached similar popularity and their markets lack organized sector indices. While there have been studies that examine the transmission of returns among individual sectors within a system, information is still needed on how volatility spillovers occur among sectors in multivariate settings. This knowledge is particularly useful because of the increase in globalization and contagion among world financial markets. The current transmission of high volatility among sectors of individual countries and among countries is a vivid and topical example.
More recent literature on MENA market volatility uses univariate GARCH models and examines volatility behavior at the market index level. Hammoudeh and Li (2008) examine sudden changes in volatility for five GCC stock markets at the market index using the iterated cumulative sums of squares (ICSS) algorithm, and analyze their impacts on the estimated persistence of volatility. They find that most of these stock markets are more sensitive to major global events than to local and regional factors. Zarour and Siriopoulos (2008) use the CGARCH model developed by Engle and Lee (1993) to investigate the existence of volatility decomposition into short run and long run components. They apply this model to daily index returns data for nine emerging markets in the Middle East region, including three of our GCC countries. Hammoudeh and Choi (2007) employ the univariate GARCH approach with Markov-switching to study the volatility behavior for the transitory and permanent components of the individual GCC market indices, allowing for two volatility regimes to exist. While Malik and Hammoudeh (2007) use trivariate GARCH models, their systems include one individual GCC market index, the WTI oil price and S&P 500 index to analyze return volatility transmission for three GCC markets. The volatility transmission does not involve more than one GCC market within one system. This paper uses a more recent multivariate technique that examines shock and volatility transmission among three sectors, namely banking, industrial and service, for Kuwait, Qatar and Saudi Arabia, and banking, insurance and service, for UAE which does not have data for the industrial sector. The technique is the vector autoregressive moving average GARCH (VARMA-GARCH) model developed by Ling and McAleer (2003) (see Chan et al. (2005) for an early application of the model). This method enables us to examine the conditional volatility and conditional correlation cross effects with meaningful estimated parameters and less computational complications, as compared with other methods such as the BEKK model of Engle and Kroner (1995) . BEKK is a multivariate GARCH (1,1) model with dynamic covariances and dynamic correlations, but typically is not attached to a VARMA model. The VARMA version of BEKK has not yet been analyzed theoretically (see McAleer et al. (2008) for further theoretical details).
For more than four or five assets or commodities, BEKK typically does not converge because it has far too many parameters. In short, there is little argument in favour of BEKK, other than that it leads to a positive definite dynamic covariance matrix (see McAleer (2005) for further elaboration).
The broad objective of this paper is to examine conditional volatility and conditional correlation cross effects for the three majors sectors in the four GCC stock markets using the VARMA-GARCH model. This method enables an examination of the conditional volatility and conditional correlation cross effects with meaningful estimated parameters and less computational complication compared with several other methods. A complementary objective is to use the estimated results to compute the weights of the sectors in an optimal portfolio of each GCC country, and the optimal hedge ratios that minimize overall risk for holding the sectors in portfolios without affecting the expected returns in the individual country.
The empirical results indicate that optimal portfolio weights of investors own much more banking stocks than service or industrial stocks in Saudi Arabia and Qatar and more than service or insurance stocks in UAE in order to minimize risk without lowering expected returns. Investors in Kuwait hold more industrial stocks. The values for the hedge ratios for the GCC sectors are smaller than those for US equity sectors, reflecting the possibility of greater hedging effectiveness in GCC markets than in the USA, thereby leading to more sophisticated hedging techniques and strategies. These empirical results are important for the GCC countries which have recently embarked on establishing equity funds for both individual and institutional investors.
The remainder of the paper is organized as follows. Section 2 provides a description of the data and summary statistics. Section 3 presents the empirical VARMA-GARCH model. Section 4 discusses the empirical results, and Section 5 provides the economic implications for designing optimal portfolios and formulating optimal hedging strategies.
Section 6 gives some concluding comments.
Data Description
The data cover the three major sector daily indices for four of the six GCC countries, of the four GCC countries over the sample periods. The average daily index return varies among the sectors within the same country, and for the same sector across the four countries. In Saudi Arabia, the Industrial sector gives the greatest average return relative to the other two sectors. This is consistent with the empirical findings reported in Hammoudeh and Al-Qudhea (2006) . It is not surprising that the Industrial sector in Saudi Arabia yields the highest average return because the country has the largest economy, defined in terms of GDP, in the Middle East and North Africa (MENA) region. Its economy can thus support a relatively large industrial base.
In Kuwait and tiny Qatar, the Service sector and Banking sector, respectively, yield the greatest returns. Qatar is competing with Dubai and Bahrain in having the best financial center in the region, but it does not have a solid industrial base. In UAE, both the Service and Banking sectors give the same highest return which is much higher than the return in the Insurance sector. Stocks of the Insurance sector are not as liquid as those of the other sectors. Overall, among the three sectors in the four countries, the Service sector in Kuwait returns the highest average yield, while the Insurance sector in UAE gives the lowest. In terms of sector risk, as defined by the standard deviation, most of the risk is in the Service sector for Saudi Arabia, Kuwait and UAE, but in the Industrial sector for Qatar, whose highly concentrated industries are based on the volatile oil and natural gas.
Thus, in Kuwait and UAE, sector risk is commensurate with return.
Most of the returns are skewed to the left, implying that there is a greater chance that the sectors go down than up in a given period of time. This result suggests that investors invest in these sectors for the long haul to override the intermittent declines. The kurtosis is mixed, with some indices having a kurtosis that is higher than the normal distribution, while for others it is lower.
Empirical Model
As indicated above, the univariate GARCH approach has been used in modeling volatility in the general indices of the GCC stock markets. Our objective is to apply recent techniques in modeling volatility to upgrade the use of the univariate GARCH approach to a multivariate system. This approach will enable us to examine the conditional volatility and correlation dependency, and interdependency of equity sectors of the GCC markets. With this approach, we will be able to focus more on the estimation of meaningful, interpretable parameters with minimal computational difficulties than for several other models. We use the VARMA-GARCH model developed by Ling and McAleer (2003) to focus on the interdependence of conditional variances and conditional correlations among these sectors.
The equity sectors for each GCC stock market in the VARMA-GARCH system are indexed by i, and n is the total number of sectors. Based on information criteria, the mean equation for the i th sector in this system is AR(1), and is given by:
where R i,t is the return of the i th sector of the nx1 vector R t , defined as the log differences. 
which is a generalization of the Bollerslev (19900) 
Empirical Results
We will discuss the empirical results in terms of own sector volatility and shock dependence, inter-sector volatility, shock spillover and political risk for the three sectors in each of the four GCC countries. As is the case with the BEKK version of the multivariate GARCH model, we are also constrained by the number of sectors that can be included in the system to achieve computational convergence.
Volatility and shocks dependence
Most of the three sector indices in the individual GCC countries show significant and positive sensitivity to past own volatility in the long run, but to considerably varying degrees. This implies that past own volatility can be used in predicting future volatility for those sectors. The Banking sector seems to be the least volatile among the sectors for most countries. This should not be surprising as Banking is a dominant sector in most GCC economies, flooded with petrodollars and flushed with liquidity. Given the current global financial crisis, this relative banking stability is a crucial strength of the GCC economies.
For Saudi Arabia, own volatilities (β s) are, to some extent, similar across sectors, with the Service sector exhibiting the greatest relative β volatility dependency (0.686), as displayed in Table 2 . The situation is different in Kuwait. In contrast to Saudi Arabia, the volatility discrepancy across sectors in Kuwait is relatively high ( Qatar, only the Industrial sector shows significant positive volatility, which is close to its counterparts in Saudi Arabia and Kuwait (Table 4 ). In the UAE, which does not have an index for the Industrial sector, Insurance has the highest volatility, while Banking has the lowest own volatility (Table 5 ).
The sensitivity to past own shocks or news is also positive for all sector indices in the short run. But this α sensitivity is much smaller for all sectors across countries than the β own volatility, suggesting that past own volatilities are more important in predicting future volatility than past shocks or news. Among the individual GCC countries, Qatar has the highest shock sensitivity in the Service and Banking sectors. In Saudi Arabia, all three sectors have similar shock sensitivities, but with about one third of the sensitivity to past own volatility. Among the GCC sectors, the Industrial sector shows the least news sensitivity for most GCC countries. This suggests that this sector is more sensitive to past volatilities related to changes in the fundamentals such as the supply and demand for oil and natural gas, oil and natural gas products, petrochemicals, energy-intensive goods and other commodities than to news or noise. In contrast to past own volatility sensitivity, the Banking sector seems to be the most sensitive to past news. This is not surprising because of this sector's interconnectedness with the global financial sector.
Long run volatility and shock interdependency
The inter-sector volatility results are significant, as expected for the most sectors and countries. Still, the results show moderate volatility spillovers between the sectors within the individual countries, with the exception of the UAE, for which we have substituted the Insurance sector for the Industrial sector due to non-existence of data on the Industrial sector. Interestingly, tiny Qatar, which exports both oil and natural gas products, has the most volatility spillover from the Industrial sector to the other two sectors. Moreover, Kuwait has more sector volatility transmission than Saudi Arabia, which relatively has the least inter-sector volatility spillovers.
Among the sectors, the volatility results are generally significant and as expected. Cross volatility, or spillover, is more widespread from the Industrial sector to the Service sector than the reverse. When a GCC economy grows or contracts, it first affects the demand for goods arising from the Industrial sector. In turn, this requires services for hauling and distribution of the goods, thereby leading to fluctuations in the Service sector. On the other hand, the demand arising from the Service sector for goods produced or generated in the Industrial sector is much less voluminous, giving rise to significantly less volatility spillover towards this sector. Surprisingly, the Banking sector shows cross-volatility independence. This may be due to the supervision of the GCC central banks and this sector's inter-connection with the global financial markets.
In terms of inter-sector shock spillovers, the shock contagion is weak, and even weaker than own sector shock sensitivity. As in the own shock case, Saudi Arabia has the weakest inter-sector shock spillover links, and Qatar has the strongest, excluding UAE, which does not have the same three sectors.
Geopolitics
With regard to sensitivity of the major sectors' indices to geopolitical events, as represented by the 2003 Iraq War, geopolitics partly elevated the mean return of the industrial sector in Saudi Arabia and the Insurance sector in UAE. The war increased prices of oil, refined products, petrochemicals, energy-intensive goods and other commodities, which Saudi Arabia produces the most. This country also received more than its share of domestic political violence during the sample period. Shipping premiums on freights going through the Gulf also increased substantially because of the war.
Moreover, increased crowdedness and congestion increased insurance rates in Dubai and
Abu Dhabi, the two major emirates in the seven-emirate UAE.
Constant conditional correlations (CCC)
As expected, all the CCCs between the three sectors for all GCC markets are positive, 
Implications for Portfolio Designs and Hedging Strategies
We now provide two examples using the estimates of the GCC equity sector markets for portfolio design and hedging strategies.
Portfolio weights
The first example follows Kroner and Ng (1998) by considering a portfolio that minimizes risk without lowering expected returns. In this case, the portfolio weight of holdings of two equity sector indices in the same market is given by: 
where w 12,t is the weight of, say, the first sector index in one dollar portfolio of the two sector indices at time t, h 12,t is the conditional covariance between sector indices 1 and 2, and h 22,t is the conditional variance of the second sector index. Obviously, the weight of the second sector index in the one dollar portfolio is 1-w 12,t .
The average values of w 12,t for the sectors in each GCC country are reported in Table 6. For instance, the average value of w 12,t of a portfolio comprising the Service and Industrial sector indices in Saudi Arabia is 0.48. [Hassan and Malik (2007) Additionally, investors in Saudi Arabia, Qatar and UAE should also possess much more banking stocks than other sectors' stocks to minimize risk without lowering the expected returns. However, the current financial crisis is an exceptional period that happens once in a lifetime. The optimal portfolios in Kuwait favor industrial stocks over banking stocks.
Hedge ratios
As a second example, we follow the example given in Kroner and Sultan (1993) regarding risk-minimizing hedge ratios and apply it to the GCC markets. In order to minimize risk, a long position of one dollar taken in one sector index in a given GCC stock market should be hedged by a short position of $β t in another sector index in the same market at time t. The β t is given by: 12, 22,
where β t is the risk-minimizing hedge ratio for two sector indices, h 12,t is the conditional covariance between sectors 1 and 2, and h 22,t is the conditional variance of the second sector.
The second column of Table 6 reports the average values of β t for the GCC markets. The values of the hedge ratios for the GCC sectors are smaller than those for the US equity sectors (Hassan and Malik, 2007) 
Conclusion
The results suggest that past own volatility is the stronger driver in determining future volatility. This implies that a sector's fundamentals have more influence on volatility than shocks or news. In countries like the oil-rich GCC countries, changes in the fundamentals for oil and natural gas, as well as for their products and energy-intensive goods, matter more when it comes to sector volatility. This is not surprising, given these countries' heavy dependence on oil and natural gas exports. It is important for the GCC countries to accumulate foreign assets in boom times and invest them prudently in the region to stave off the negative impacts of fluctuations in bust periods and the migration of foreign capital.
The GCC markets differ in terms of optimal portfolio holdings that minimize risk without lowering expected returns, thereby allowing investors to hold more stocks in certain sectors than others and effecting some diversification between sectors and countries. Notes:
(1) The numbers are log differences, or returns.
(2) UAE does not have an index for the Industrial sector. Notes: w 12,t is the portfolio weight of sector index 1 relative to sector index 2 in a two-asset holding at time t, while average β t is the risk-minimizing hedge ratio for the two sector indices.
